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METHOD OF CLEANING DAMASCENE
STRUCTURE OF SEMICONDUCTOR WAFER
DURING FABRICATION OF
SEMICONDUCTOR DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method of cleaning a
damascene structure of a semiconductor wafer during fab-
rication of a semiconductor device.

2. Description of the Related Art

In current integrated circuits, several layers of intercon-
nect structures fabricated above a substrate containing active
devices are often used. Each interconnect layer 1s fabricated
in an interlayer dielectric (ILD). According to the fabrication
of metal interconnects by the metal damascene process, vias
are etched 1n each ILD to make contact with conductors In
an underlying layer. A layer of conductive material, such as
copper (Cu), is deposited, extending above the surface of the
[LD. With chemical mechanical polishing (CMP), the metal
surface 1s then polished down to the underlying ILD surface
to thereby produce copper plugs.

After the polishing, the watfer 1s cleaned. A conventional

method of cleaning the metal damascene structure 1s 1llus-
trated 1in FIG. 5.

In step S1 of FIG. 5, the conventional cleaning method
begins with removing particles from surfaces of the wafer.
After polishing the wafer, particles are removed 1n a brush-
ing unit. In the brushing unit, a brush 1s used to carry out a
surface cleaning process with chemical solution 1n the form
of ammonia water. In the same brushing unit, pure water 1s
used to carry out a rinsing process.

Subsequently, the cleaning method proceeds to removing,
metallic impurities from the surfaces of the wafer. In another
brushing unit, metallic impurities are removed. In step S2, in
the brushing unit, a brush 1s used to carry out a surface
cleaning process with chemical solution 1n the form of acid
solution. In the same brushing unit, pure water 1s used to
carry out a rinsing process.

After removing metallic impurities, the cleaning method
proceeds to inhibiting surface corrosion of the water 1n step
S3. In a surface corrosion-inhibiting unit, the surfaces of
waler are coated with chemical solution 1n the form of
solution of 1,2,3-benzotriazol (BTA), which is effective to
inhibit corrosion of copper (Cu), subsequently, pure water is
used to carry out a rinsing process.

Finally, after the surface corrosion prohibiting process,
the cleaning method proceeds to drying the wafer. In step S4,
the wafer 1s rinsed with pure water and then tuned to spin in
a spin rinse unit. This spinning motion dries the wafer.

FIG. 6 1s a top plan view of a copper plug 3 of a metal
damascene structure, which has been cleaned by the con-
ventional cleaning method mentioned above. In FIG. 6, the
copper plug 3 embedded 1n via 2 formed through an ILD 1
has dissolved portions 4 extending outwardly 1n all direc-
tions from the surface of the plug 3. The provision of such
portions 4 has made the border between the plug 3 and the
circular edge of via 2 of the ILD 1 unclear.

It 1s the 1nventor’s understanding that the above-
mentioned abnormal deformation of surface contour of the
plug has occurred due to release of electric charge accumu-
lated within the plug due to rinsing with pure water in a
drying unat.

Accordingly, a need remains for a method of cleaning a
metal damascene structure of a semiconductor wafer without
causing the abnormality of surface contour of the plug.
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2
SUMMARY OF THE INVENTION

An object of the present 1s to provide a method of cleaning
a metal damascene structure of a semiconductor wafer
without causing the abnormality of surface contour of the
plug.

According to one exemplary implementation of the
present mvention there 1s provided a method of cleaning a
damascene structure of a semiconductor wafer, comprising:

a process of treating the water, which has been polished,
using pure water; and

subsequently a process of treating the water without using,
pure water.

According to another specific exemplary implementation
of the present invention, there 1s provided a method of
cleaning a damascene structure of a semiconductor wafer,
comprising 1n the following order:

removing particles from surfaces of the water, which has
been polished, with chemical solution, and then rinsing the
waler with pure water;

removing metallic 1impurities from the surfaces of the
waler with chemical solution, and then rinsing the wafer
with pure water; and

drying the wafer without any rinsing with pure water.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be apparent from the following,
more particular description of exemplary embodiments of
the mvention as illustrated in the accompanying drawings.
The drawings are not necessarily scale, emphasis instead
being placed upon illustrating the principles of the mven-
tion.

FIG. 1 1s a process flow diagram of one embodiment of a
method of cleaning a metal damascene structure of a semi-
conductor walfer according to the present mvention.

FIGS. 2(a), 2(b), 2(c) and 2(d) illustrate structural for-
mulas of chemical solutions used 1n the method.

FIG. 3 is a top plan view of a discrete or clear copper (Cu)
plug of a metal damascene structure, which has been cleaned
according to the present 1nvention.

FIG. 4 1s a process flow diagram of another embodiment
of a method of cleaning a semiconductor wafer for fabrica-
fion of a semiconductor device according to the present
invention.

FIG. 5 1s a process flow diagram of a conventional method
of clearing a metal damascene structure of a semiconductor
walfer.

FIG. 6 1s a view 1llustrating a surface of an obscure copper
(Cu), which has been cleaned by the conventional method in

FIG. S.

DESCRIPTION OF THE EXEMPLARY
EMBODIMENTS

FIGS. 1 to 4 1llustrate exemplary embodiments according,
to the present 1invention.

The process flow diagram 1n FIG. 1 clearly 1llustrates one
embodiment of a method of cleaning a damascene structure
of a sesmiconductor waler according to the present invention.

According to the fabrication of metal interconnects by the
metal damascene process, vias are formed in an interlayer
dielectric (ILD). A layer of conductive material, such as
copper (Cu), is deposited, extending above the surface of the
[LD. With chemical mechanical polishing (CMP), the metal

surface 1s then polished down to the underlying ILD surface



US 6,992,007 B2

3

to thereby produce copper plugs. In the embodiment, after
polishing, a semiconductor wafer including the damascene
structure 1s cleaned.

In step S101, the cleaning method begins with removing,
particles from surfaces of the wafer. After polishing the
waler, particles are removed 1n a brushing unit. In the
brushing unit, a brush is used to carry out a surface cleaning,
process with chemical solution 1n the form of ammonia
water. In the same brushing unit, pure water 1s used to carry
out a rinsing process.

Ammonia water 1s just an example of chemical solutions
that may be used in the surface cleaning process to remove
particles. Another example 1s ammonia electrolytic solution.
Still another example 1s pure water.

Subsequently, the cleaning method proceeds to removing
metallic 1impurities from the surfaces of the waler from
which particles have been removed. In another brushing
unit, metallic impurities are removed. In step S102, 1n the
brushing unit, a brush is used to carry out a surface cleaning,
process with chemical solution 1n the form of acid solution.
In the same brushing unit, pure water 1s used to carry out a
rnsing process.

Acid solution 1s just an example of chemical solutions that
may be used in the surface cleaning process to remove
metallic impurities. Another example 1s solution of oxalic
acid as shown in FIG. 2(a). Still another example is solution
of citric acid as shown in FIG. 2(b). Oxalic acid and citric
acid belong to a family of chemical compounds containing
COOH group. Solution of any other compound of this
family may be used as the chemical solution in the surface
cleaning process to remove metallic impurities. Fluorine-
containing solution 1s effective to remove metallic 1mpuri-
ties. If desired, one may use fluorine-containing solution for
application to the rear surface of the wafer to remove
metallic 1impurities.

After removing metallic impurities, the cleaning method
proceeds to 1nhibiting surface corrosion of the water 1n step
S103. In a surface corrosion inhibiting unit, the surfaces of
waler are coated with chemical solution 1n the form of
solution of 1,2,3-benzotriazol (BTA), which is effective to
inhibit corrosion of copper (Cu). Subsequently, pure water is
used to carry out a rinsing process.

FIG. 2(c¢) is the structural formula of BTA. BTA is just an
example of chemical solutions that may be used in coating
the surfaces of waler. Another example 1s solution of 1,2,
4-triazole whose structural formula 1s illustrated in FIG.
2(d). BTA and 1,2,4-triazole belong to a family of cyclic
compounds. Solution of any other compound of this family
may be used as the chemical solution 1n coating the surfaces
of wafer to inhibit surface corrosion.

Finally, after the surface corrosion prohibiting process,
the cleaning method proceeds to drying the wafer without
any rinsing by pure water. In step S104, the wafer 1s treated
in a drying unit. In the embodiment, the drying unit is 1n the
form of a spin rinse unit, in which the wafer 1s set to spin.
This spinning motion dries the wafer.

According to the embodiment of the present invention,
drying the wafer 1 step S104 does not require any rinsing
with pure water. When 1t 1s set 1in the spin rinse unit, the
waler has been rinsed with pure water after the surface
coating with chemical solution in the surface corrosion
inhibiting process. As different from the conventional clean-
ing method, the wafer 1s not rinsed with pure water 1imme-
diately before it spins.

In the embodiment of the present invention, therefore,
rinsing with pure water will not be carried out after the
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preceding rinsing with pure water. In each of the steps S101,
S$102 and S103, rinsing with pure water 1s not allowed
except where it 1s allowed after application to the wafer
surfaces of chemical solution while the wafer remains 1n the
same treating unit.

The embodiment according to the present invention does
not allow rinsing with pure water to occur successively.
Without any application of pure water for rinsing, the wafer
1s dried due to spinning 1n the drying unit. Because there 1s
no application of pure water to the wafer 1n the drying unat,
clectric charge accumulated within copper plugs 1s no longer
released locally. As a result, the original surface contour of
cach of copper plugs remains.

It 1s unlikely that the release of electric charge from a
conductive plug occurs when the plug 1s connected to a line,
which 1s less in width than the diameter of the plug. It 1s
considered that the release of electric charge from a con-
ductive plug occurs when the plug 1s on a line, which 1s less
in width than the diameter of the plug and connected to
another line, which 1s greater 1n width than the diameter of
the plug. The release of electric charge from a conductive
plug occurs when the plug 1s connected to a line, which 1s
oreater 1n width than the diameter of the plug.

FIG. 3 1s a top plan view of a copper plug 10 of a metal
damascene structure, which has been cleaned by the clean-
ing method according to the embodiment of present inven-
tion. In FIG. 3, the copper plug 10 1s embedded 1n via 12
formed through an ILD 11. The reference 13 designates a
barrier. FIG. 3 clearly shows the copper plug 10 that 1s
distinct and clear from the ILD 11.

Comparing FIG. 3 with FIG. 6 clearly indicates that there
are no dissolved portions of the plug 10 1n FIG. 3 so that the
boundary between the plug 10 and the surrounding ILD 11
remains distinct and clear.

In the cleaning method, the surface corrosion inhibiting
process (step S103) may be removed if the material of plug
10 does not require such treatment.

The cleaning method may include an additional megas-
onic cleaning to remove particles from surfaces of the wafer.
The megasonic cleaning uses ultrasonic wave 1n the range
from 800 kHz to 1 MHz. The megasonic cleaning may be
carried out after polishing the water and before drying the
waler. It may be carried out immediately before carrying out
the particles removing process 1n step S101 or the metallic
impurities removing process 1n step S102 or the surface
corrosion 1nhibiting process 1n step S103 or the drying
process S104.

The process flow diagram in FIG. 4 illustrates another
embodiment according to the present invention. This
embodiment i1s substantially the same as the previously
described embodiment illustrated in FIG. 1 except the pro-
vision of megasonic cleaning to remove particles from a

waler after polishing. Thus, the like references are used to
designate like steps throughout FIGS. 1 and 4.

According to this embodiment, the cleaning method
begins with the megasonic cleaning in step S201. After
polishing the wafer, the megasonic cleaning is carried out to
remove particles from the wafer.

Subsequently, the cleaning method caries out the same
processes 1n steps S101, S102, S103 and S104 1n substan-

tially the same manner as explained 1 connection with the
embodiment 1llustrated in FIG. 1.

In the embodiments, 1t 1s preferred to carry out the rinsing,
processes by supplying pure water in all directions or
spraying pure water in order not to localize electric charge
accumulated 1n the conductive plugs.
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In the embodiments, the copper plugs are used as one
example of conductive plugs. Another example 1s a conduc-
tive plug of tungsten (W). Other examples are conductive
plugs of various alloys of copper (Cu), which includes one
metal selected from a group consisting of Al, 11, S1, Sn, Tn,

Zr, Ag and Mg.

While the present i1nvention has been particularly
described, 1n conjunction with exemplary embodiments. It 1s
evident that many alternatives, modifications and variations
will be apparent to those skilled in the art mn light of the
foregoing description. It 1s therefore contemplated that the
appended claims will embrace any such alternatives, modi-
fications and variations as falling within the true scope and
spirit of the present ivention.

This application claims the priority of Japanese Patent
Application No. 2002-118069, filed Apr. 19, 2002, the
disclosure of which 1s hereby incorporated by reference 1n
its entirety.

What 1s claimed 1s:

1. A method of cleaning a damascene structure of a
semiconductor wafer that has been polished, comprising in
the following order:

removing one of particles and metallic impurities from
surfaces of the wafer;

rinsing the surfaces of the wafer with pure water; and
drying the watfer,

wherein said drying the wafer step comprises placing the
waler 1n a drying unit and drying the water without any
intermediate steps once the wafer 1s 1n the drying unat.

2. The method as claimed 1n claim 1, wherein the remov-
ing step includes applying chemical solution to the surfaces
of the wafer, and the rinsing step 1s carried out after the
removing step to remove the chemical solution.

3. The method as claimed 1n claim 2, wherein, 1n a
cleaning unit, the removing step and the rinsing step are
carried out.

4. A method of cleaning a damascene structure of a
semiconductor wafer that has been polished, comprising in
the following order the steps of:

removing particles from surfaces of the water with a first
chemical solution;

rinsing the wafer with pure water;

removing metallic impurities from the surfaces of the
wafer with a second chemical solution;

rinsing the wafer with pure water; and
drying the watfer,

wherein said drying the wafer step comprises placing the
waler 1n a drying unit and drying the wafer without any
intermediate steps once the wafer 1s 1n the drying unait.
5. The method as claimed in claim 4, wherein the step of
removing particles from surfaces of the wafer includes a step
of megasonic cleaning to remove particles from surfaces of
the wafer.
6. The method as claimed 1n claim 4, further comprising:

a step of inhibiting surface corrosion of the wafer with a
third chemical solution after the step of rinsing the
waler with pure water and before the step of drying the
walfer.

7. The method as claimed 1n claim 4, wherein the first
chemical solution 1s one of ammonia water, ammonia elec-
trolytic solution, and pure water.

8. The method as claimed 1n claim 4, wherein the second
chemical solution 1s one selected from a group consisting of
acid solution, solution of oxalic acid, solution of citric acid,
and solution of any one of other compounds of a family of
chemical compounds containing COOH group.
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9. The method as claimed 1n claim 6, wherein the third
chemical solution 1s one selected from a group consisting of

solution of 1,2,3-benzotriazol (BTA), solution of 1,2,4-

triazole, and solution of any one of other compounds of a
family cyclic compounds.

10. The method as claimed 1n claim 4, wherein a con-
ductive plug of the damascene structure 1s made of a
conductive material, which 1s one selected from a group
consisting of copper (Cu), tungsten (W), and alloy of Cu
containing one of Al, Ti, 81, Sn, Tn, Zr, Ag and Mg.

11. The method as claimed 1n claim 5, further comprising:

a step of 1nhibiting surface corrosion of the wafer with a
third chemical solution, after the step of rinsing the
watler with pure water and before the step of drying the
waler.

12. The method as claimed 1n claim 5, wherein the first
chemical solution 1s one of ammonia water, ammonia elec-
trolytic solution, and pure water.

13. The method as claimed 1n claim 6, wherein the first
chemical solution 1s one of ammonia water, ammonia elec-
trolytic solution, and pure water.

14. The method as claimed 1n claim 5, wherein the second
chemical solution 1s one selected from a group consisting of
acid solution, solution of oxalic acid, solution of citric acid,
and solution of any one of other compounds of a family of
chemical compounds containing COOH group.

15. The method as claimed 1n claim 6, wherein the second
chemical solution 1s one selected from a group consisting of
acld solution, solution of oxalic acid, solution of citric acid,
and solution of any one of other compounds of a family of
chemical compounds containing COOH group.

16. A method of cleaning a damascene structure of a
semiconductor water, comprising in the following order the
steps of:

placing the wafer 1n a cleaning unit;

removing particles from surfaces of the water using a first
chemical solution and then rinsing the wafer with pure
walter;

removing metallic impurities from the surfaces of the
wafler using a second chemical solution different from
the first chemical solution and then rinsing the wafer
using pure water;

placing the wafer 1n a surface corrosion inhibiting unait;

coating the surfaces of the water with a third chemical
solution that 1s different from the first and second
chemical solutions and then rinsing the wafer with pure
wafter;

placing the wafer 1n a drying unit; and

immediately drying the wafer without any intermediate

steps once the wafer 1s placed 1n the drying unit.

17. The method as claimed in claim 16, further compris-
Ing:

megasonic cleaning to remove particles from surfaces of

the water, which has been polished.

18. The method as claimed 1n claim 17, wherein said
megasonic cleaning uses ultrasonic waves 1n a range from
800 kHz to 1 MHz.

19. The method as claimed in claim 1, wherein the any
intermediate steps include rinsing the wafer.

20. The method as claimed 1n claim 4, wherein the any
intermediate steps include rinsing the wafer.

21. The method as claimed in claim 16, wherein the any
intermediate steps include rinsing the wafer.
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